
Beyond infrastructure 
Projects such asbui I ding dams and diverting watercourses enhance water secur 
the biodiversity of associated ecosystems, and that'sa long-term nec8!Bify[ 

for humans. But they do I itt le to prot4 

Margareta. PalMer 

I n the developed world, respons:s to natural 
discsters such a:; floods and droughts often 
involve taming or vexing nature instead of 

moving people out of harm's way or rethink
ing water-use policies. Dams are built, levees 
erected, and various infrcstructure projects 
redirect flows to nourish water-stressed 
regions. Ironically, such cctionsaffect the very 
ecological proc:e:a:sand natural systems that 
purify, store and ensure long-term delivery of 
the abundant fresh water that supports eco
systems and people. Many once-perennial 
streams and wetlands are now dry much of 
the year because they have been buried or 
re-enginrered for human purposes. 

In their paper on page 555 of this issue, 
Vorbsmartyet a/.1 dEscribe how they have used 
a detailed, comprehensive and sp:~tially explicit 
global-ccoounting approcch to quantify threats 
to human water recurity and to frEShwater bie 
diversity. Carefully identifying the underlying 
causes, they document a pandemic deteriora 
tion of fresh waters, showing that there are 
threats to biodiversity and water security in 
both rich and poor countries. 

Because of the interplay between the many 
strESSOrs that can cct on river systems, patterns 
of river degradation vary markedly within 
continents and even countries. For example, 
some rivers, such as the Nile, suffer major 
effects upstream, which are then exccerbated 
by impccts from densely populated regions 
farther downstream. The Nile supports more 
than 180 million people, many of whom live in 
poverty, yet water security and biodiversity are 
clearly at great risk. The sp:~tial patterns and 
downstream outcomesarequitedifferent for 
the Amazon. Anthropogenic effects are great 
est at the river's source in Feru, and diminish 
downstream a:; the river makes its way through 
dense rainforests. This trend could reverse if 
Amazonian deforestation intensifies. 

After a detailed documentation of the spa 
tial distribution of threats to biodiversity and 
water security, Vorbsmartyef a/. calculated the 
economic investments that have bEen made in 
water infrcstructure; not surprisingly, these 
investments are lar~ly limited to rich nations. 
What may surprise many readers, however, is 
the authors' demonstration that, on a global 

Figure 1 1 Flowchart. A high-resolution map of the Amazon watershed showing the network of small 
streams and rivers that permeate the landscape. (Image derived from ref. 7.) 

scale, water security increases with affluence Some human benefits of biodiversity are 
(higher gross domestic product)- but so do obvious- for example, the relatively new 
threats to biodiversity. In feet, the very cctions science of ecosystem-based ma~ment hcs 
taken to increase water security, such a:; the shown that diversity within the broader food 
building of dams and flow diversions, typ~ web is essential to fishery sustainability. The 
cally result in habitat loss and changes to river significance of biodiversity for the provision 
flow that cct to reduce both fish diversity and of other ecological goods and services, such a:; 
water quality. Most areas of the United States abundant clean water, is less obvious because 
and western Europe, for example, have low it involves complex relationships between biG 
threats to human water security relative to diversity and ecological proc:e:a:s. For exarn 
other regions around the world, yet have high pie, the cycling of nutrients such a:; nitro~n 
threat levels for biodiversity. is a biologically mediated ecological proc -

There are at least tworerious implications of ess that influences water quality. Nitrogen is 
this re:;earch, the first of which relates to why crucial to the health of ecological systems, but 
we should worry about biodiversity. We have in excess it becomes a pollutant that can lead 
long known that biodiversity loss is not hornG to eutrophication of rivers and their cocstal 
~usccross the globe, but only recently have waters. Because some aquatic plants and 
scientists begun to examine the link between microbes take up excess nitrogen from the 
biodiversity and human well-being. water at higher rates than others, loss of key 
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species or groups of microbes could lead to the exCESSive extraction of groundwater) and 
a reduction in water quality. Identifying and declines in freshwater ecosystem rervices that 
quantifying relationships retw:en biodiversity ultimately influence long-term water security 
and ecological prcx:e:a:s that regulate the pro for humanS'. 
vision of ecosystem goods and rervices- in All life- terrestrial and aquatic, ranging 
this instance, cla:m water- is a challenge and from microbes to vertebrates- depends on 
an area of intenre res:Erch activity. and is shaped by water and watershed dynam 

Only recently, however, have natural and ics. Yet only a small subE:et of corrervation and 
social scientists begun working together to natural-resource management plans, and fe.rv 
ramp up research to the next level: namely, national or international res:Erch initiativES, 
to link findings on the relationship retween ure the watershed as an organizing frame.rvork. 
biodiversity and ecological procese:s to social I twill never repossibletoeliminateall impacts 
factors that influence the delivery ofeco- on biodiversity and ecological procese:s if the 
system goods and rervices to humans2. For growing human demands for water are tore 
example, management decisions that lead to met, and I am not suggesting that this should 
more intensive aquaculture operations could be the goal of watershed-bared management, 
eliminate native fish that normally keep nu~ planning or res:Erch. 
sance algae in check. The rESult may re poor However, societiES can try to balance eco
water quality and potentially even the eventual logical and human needs, for example by 
collapre of the aquaculture operation, both of considering where in a river network a ne.rv 
which would have economic and social con- dam is planned, or where increared water 
sequences. These conrequences, in turn, may extraction will reallowed. Similarly, I am not 
lead to ne.rv management decisions, and thus 
the cycle continUES. An understanding of the 
complex interactions retween social and ece 

suggesting that terrEStrial ecologists or social 
theorists should abandon their systems to study 
watershed dynamicsorviceversa.lnstead, the 
res:Erch community nEEds to consider co-ure 
of a 'watershed lens' to organize investigations 
that addrEffi prEffiing socio-€COiogical qUEStions 
that relate to enhancing human water security 
in both developed and developing countriES. 
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logical systems ise:;rential for securing the 
long-term sustainability of water and other 
natural resources, and will require ne.rv forms 
of scientific interaction that discipline-bound 
traditions make difficult. 

Paired in one d i mansion 
Understanding there interact ions also 

requires a great deal of ecological data not 
currently available, including information on 
the distribution of organisms, their functional 
traits (that is, their role in an ecosystem and 

The trend towardsusingul t racoldatomicgases toexploreemergent phenomena 
in many-bodysystemscontinues to gain momentum. This time around, they have 
been used to explore novel pairing mechanisms inonedimerBOirLet 

their performance under different conditions), IMManUel BICCH the world of atomic physics, the same pairing 
mechanism has been studied thoroughly in 
three dimensions with equal two-component 
gas mixtures of fermionic neutral atoms1

·
2

, 

each component comprising atoms with one 
of two spin statES (up or down). But what haj3 
pens to such a BCSsuperfluid state if the two 
fermionic spin statES are not prESent in equal 
numrers in the system? 

and how they interact with other speciES, social 
systems and the physical environment. We 
need global biodiversityass:ssmentsand eoo 
system-rervice frame.rvorks for advancing our 
understanding of the link retw:en biodiversity 
and ecosystem rervices. Promising initiativES 
include the Group on Earth ObE:ervations Bio
diversity Obrervation Network (GEO BON1 
and the propa:a:J Intergovernmental ~ience
Policy Platform on Biodiversity and Ecosys
tem E'ervices (IPBESf. The spatial modelling 
frame.rvork that Vorbsmart-,et al.1 have devel
oped is the type of scientific product needed 
for international efforts such as IPBES. 

A second implication of Vorosmarty and 
colleagUES' paper liES in the demonstration of 
the controlling role that hydrology has in deter 
mining the spatial distribution ofenvironmeA 
tal impacts. Spatial 'legacy effects' mean that 
impacts on aquatic ecosystems and the people 
they support can retransmitted far from their 
point of origin. Whether flowing year round 
or only intermittently, streams are organized in 
complex networks that blanket the landscape 
and merge progrESSively downstream to form 
larger and larger rivers. Collectively, the net
work of linked terrEStrial-aquatic ecosystems 
definES a watershed (Fig.1 ). There can also 
re significant temporal lags retween ecologi
cal effects on watersheds (as, for instance, in 

Atomicgaxscooled down to nanokelvin 
temperatures and confined in optical 
or magnetic traps have helped to real 

izeand investigate fundamental many-body 
quantum phasES of matter 1·

2
. An investiga

tion by Liao et al.3 on page 567 of this issue 
now shows how such ultracold systems are 
also moving to centre stage in the quESt for an 
exotic form of superconductivity- the elusive 
FFLO superconducting state of matter that was 
propcred more than 40 years ago by Fuldeand 
Ferrell4 and Larkin and Ovchinnikov. 

In condenred-matter physics, an arbitrarily 
small attraction retween fermions (particles 
with half-integer spin, such as electrons) of 
identical but opposing spin and momentum 
can lead to the formation of bound pairs that 
have bosonic character (bosons reing particles 
with whole-integer spin). Under specific coR 
ditions, such pairs can undergo the phenom 
enon of Bore-Einstein condensation (BEG), 
transforming the many-body system into a 
'giant matter wave' with spectacular frictioA 
less-flow properties-a superconductor or 
superfluid is born. This remarkable outcome 
of pairing, first propored by Bardeen, Cooper 
and ~rieffer (BCS), is considered tore the 
conventional way in which superconductiv
ity emerges in a wide range of materials. In 

In a solid-state material, such a spin
imbalance condition can recreated by apply 
ing a magnetic field to the system. In ultracold 
atomicga::es,asimple initial difference in the 
numrer of spin-up and spin-down atoms wi II 
do the job. Intuitively, one might think that an 
increasing mismatch in the numrer of spin-up 
and spin-down particlES would make it harder 
for the opposing spins to meet each other and 
pair up, thus hindering superconductivity. And 
this is indeed what happens in experiments. 
Put in more technical terms, the Fermi sur
faces of the two system components will have 
different sizes, and this difference will ham
per the formation of the pairs and the ensuing 
BCSsuperfluid state (the Fermi surface is the 
boundary in momentum space that reparates 
unoccupied statES from occupied onES). 

Fulde and Ferrell4
, as well as Larkin and 

Ovchinnikov5
, propored a clever solution 

that would sti II allow a superfluid state to exist 
under spin-imbalanced conditions. They 
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